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Tuula Hurtig, PhD, Marjo-Riitta Jarvelin, MD, PhD, Alina Rodriguez, PhDObjective: To prospectively investigate the association and directionality between attention-
deﬁcit/hyperactivity disorder (ADHD) symptoms and obesity from childhood to adolescence
in the general population. We examined whether obesogenic behaviors, namely, physical
inactivity and binge eating, underlie the potential ADHD symptom–obesity association. We
explored whether childhood conduct disorder (CD) symptoms are related to adolescent
obesity/physical inactivity. Method: At 7 to 8 years (n ¼ 8,106), teachers reported ADHD
and CD symptoms, and parents reported body mass index (BMI) and physically active play.
At 16 years (n ¼ 6,934), parents reported ADHD symptoms; adolescents reported physical
activity (transformed to metabolic equivalent of task [MET] hours per week) and binge eating;
BMI and waist–hip ratio (WHR) were measured via clinical examination. Obesity was deﬁned
using the International Obesity Task Force (IOTF) cut-offs for BMI and the 95th percentile
cut-off for WHR. Results: Childhood ADHD symptoms signiﬁcantly predicted adolescent
obesity, rather than the opposite. Inattention-hyperactivity symptoms at 8 years were asso-
ciated with indices of obesity at 16 years (obese BMI: odds ratio [OR] ¼ 1.91, 95% conﬁdence
interval [CI] ¼ 1.10–3.33; 95th percentile WHR: OR ¼ 1.71, 95% CI ¼ 1.05–2.78), adjusted for
gender, baseline BMI, physical activity, family structure change, and maternal education.
Child CD symptoms associated with indices of adolescent obesity. Reduced physically active
play in childhood predicted adolescent inattention (OR ¼ 1.61, 95% CI ¼ 1.16–2.24). Childhood
ADHD and CD symptoms were linked with physical inactivity in adolescence (inattention-
hyperactivity; OR ¼ 1.60, 95% CI ¼ 1.20–2.13), but not binge eating. Physical inactivity
mediated the associations. Conclusions: Children with ADHD or CD symptoms are at
increased risk for becoming obese and physically inactive adolescents. Physical activity may
be beneﬁcial for both behavior problems and obesity. J. Am. Acad. Child Adolesc. Psychiatry,
2014;53(4):425–436. Key Words: attention-deﬁcit/hyperactivity disorder symptoms, conduct
disorder symptoms, disruptive behavior, obesity, physical inactivitygrowing number of studies report an as-
sociation between obesity and attention-A deﬁcit/hyperactivity disorder (ADHD).1-4
According to a recent review, most studies are
limited by use of clinical and/or cross-sectional
data.1 Furthermore, it is unclear whether the as-
sociation is speciﬁc to ADHD, that is, indepen-
dent of other behavioral disorders—in particular,Clinical guidance is available at the end of this article.
This article can be used to obtain continuing medical education
(CME) at www.jaacap.org.
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E 53 NUMBER 4 APRIL 2014conduct disorder (CD),5-8 one of the primary
psychiatric comorbidities of ADHD.9 Importantly,
studies have not examined potential underly-
ing mechanisms or the direction of the ADHD–
obesity association.1 Research has mainly examined
ADHD as a risk factor for obesity.10,11 However,
it is plausible that the association may be driven
from the direction of obesity to ADHD, as fac-
tors linked with obesity, for example, leptin (an
appetite-regulation hormone) and a sugar-rich
diet may contribute to ADHD-like behaviors.12,13
Moreover, the association may be bi-directional
because of a third underlying factor associated
with both obesity and ADHD.14-17 Although itY
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KHALIFE et al.is impossible to fully decipher the direction of
the association in human beings, prospective
longitudinal and epidemiological studies can
provide valuable information concerning the
general population. Because of the lack of such
studies, the direction of the potential link re-
mains unevaluated.
Recently, Cortese et al. reported a long-term
link between childhood ADHD and adult
obesity, albeit in a small clinical sample (n ¼ 207)
of men only.7 The same authors, using data from
the National Epidemiological Study on Alcohol
and Related Conditions, found a signiﬁcant as-
sociation, but only for women (retrospective re-
ports for ADHD and self-reports for weight/
height).18 These discrepant ﬁndings may be at-
tributed to differences in study design, including
possible referral bias in the clinical versus popu-
lation samples. It is necessary to prospectively
examine the early developmental trajectory of
the potential ADHD–obesity link from childhood
to adolescence, because these disorders mani-
fest early in life.19,20 The few longitudinal studies
of children/adolescents provide inconsistent re-
sults, are limited by small sample size, and do
not examine directionality.21-23 One study in tod-
dlers (i.e., 2-year-olds) reported a link between
behavioral difﬁculties and obesity over a 3.5-year
period21; however, other studies in older children
have not conﬁrmed the association.22,23 Another
limitation is the sole use of body mass index
(BMI),21,22 which may not adequately reﬂect
adiposity.24 Indicators of abdominal obesity, such
as waist–hip ratio (WHR), provide additional
measures of adiposity, and may more accurately
identify individuals at risk for health conse-
quences of overweight.24
Inattention and/or impulsivity symptoms may
confer a risk for certain obesogenic behaviors,
including physical inactivity and binge eating.1
The impact of hyperactivity symptoms remains
unclear.1 To date, only a few population studies
have examined the association between ADHD
and physical inactivity in children and/or ado-
lescents, and have yielded conﬂicting results.25-27
There are a few small clinical studies reporting
improved behavior in children diagnosed with
ADHD after a short-term period or acute bout
of physical activity.28-30 However, the long-term
impact of physical activity on behavior is still
unevaluated. Some evidence suggests an asso-
ciation between binge eating and behavioral
impulsivity.31,32 A recent study found that
symptoms of ADHD were signiﬁcantly, but notJOURN
426 www.jaacap.orgdifferentially, greater in obese patients with and
without binge eating behaviors.33 Therefore, the
extent to which obesogenic behaviors underlie
the ADHD–obesity association is unclear.
In this study, we investigated the association
and directionality between core ADHD symp-
toms and obesity (BMI and WHR), from child-
hood to adolescence, in a large population cohort.
We also examined the bi-directional associations
between ADHD symptoms and physical activity,
and the impact of ADHD symptoms on binge
eating, from childhood to adolescence. We hy-
pothesized that there would be a signiﬁcant
association between ADHD symptoms (at a
clinically relevant level) and obesity from child-
hood to adolescence, and that physical inactivity
and/or binge eating would mediate this link.
Finally, we explored whether CD symptoms,
commonly associated with ADHD, are related
to obesity, and whether the ADHD symptom–
obesity link is independent of CD.METHOD
Participants
Participants came from the Northern Finland Birth
Cohort (NFBC) 1986. Children with an expected date of
birth between July 1, 1985 and June 30, 1986 were
eligible; 99% (N ¼ 8,954 live-born singletons) partici-
pated. The ethics committee of Northern Ostrobotnia
Hospital District approved the study, and both parents
and adolescents gave written informed consent.
Postal questionnaires, which included a wide range
of health- and lifestyle-related questions, were sent to
parents, teachers, and adolescents. At 7 to 8 years (n ¼
8,106; 91%), data were gathered via parental and
teacher reports. At 16 years (n ¼ 6,934; 77%), data were
gathered via parental reports and adolescent self-
reports. In addition, adolescents (n ¼ 6,156) attended
health examinations, which included growth mea-
surements. The NFBC 1986 is a stimulant-naive popu-
lation sample,34 with the exception of 1 boy who
received methylphenidate (Ritalin) for a few months at
age 12 years to treat ADHD.
Measures
Behavior. Teachers assessed child behavior of 8-year-
olds using the Rutter B2 scale,35 a well-validated
screener for childhood mental health. Each of the 26
items is rated as it “certainly applies” (scored 2), “ap-
plies somewhat” (scored 1), or “does not apply” (scored
0), yielding a total score between 0 and 52. Screening as
“probable combined inattention-hyperactivity disor-
der” is deﬁned as a total score of 9 and sum of all 3
inattention-hyperactivity items  3.36 We also exam-
ined the core ADHD symptoms individually, that is,AL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
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peractivity (sum of items “restless” and “squirmy and
ﬁdgety”  3). CD is deﬁned by a total score of  9 and
a higher score on the conduct sub-score (sum of 6 items:
“destructive,” “ﬁghts,” “is disobedient,” “lies,” “steals,”
and “bullies”) versus neurotic subscore (sum of 4 items:
“often worried,” “miserable,” “fearful,” and “tears on
arrival at school”).
Parents reported adolescent behavior of 16-year-
olds using the Strengths and Weaknesses of ADHD
symptoms and Normal behavior (SWAN) scale.37 The
SWAN is an 18-item scale based on ADHD symptoms
listed in the DSM-IV (9 items in the inattention subscale
and 9 items in the hyperactive-impulsivity subscale,
and together the 18 items indicate ADHD combined
subtype). As this scale measures both weaknesses
(scored 3, 2, and 1) and strengths (scored 1, 2,
and 3), along with average behavior (scored 0), it is
expected to produce a normal distribution of behav-
ioral scores, thereby reducing the risk of over-
identifying youths as screening positive for ADHD.
The 95th percentile of the distribution of mean scores
on each subscale was used as a cut-off point to iden-
tify adolescents with ADHD symptoms as probable
clinical cases. The cut-off values for the inattention,
hyperactive-impulsivity, and combined subscales
were, respectively, 0.625, 0.125, and 0.277.34
Body Mass Index. Body mass index (BMI) was cal-
culated as weight divided by squared height (kg/m2).
At 7 years, parents reported child weight and height.
At 16 years, weight and height were measured during
a health examination (by trained staff) and were also
self-reported. Self-reported height and weight data
(n ¼ 701; 10%) were used for those who did not attend
the health examination (correlations between clinical
and self-report data: height, r ¼ 0.85, p < .001; weight,
r ¼ 0.95, p < .001). Obesity was deﬁned using the In-
ternational Obesity Task Force (IOTF) age- and sex-
speciﬁc cut-off points for BMI.38 According to the IOTF
cut-off points, BMI was categorized into 3 groups: nor-
mal weight, overweight, and obese, at 7 and 16 years.
Waist–Hip Ratio. At 16 years, waist and hip girths
were measured at health examinations. Waist–hip ratio
(WHR) was calculated as waist girth (in centimeters)
divided by hip girth (in centimeters), and dichotomized
into normal and abdominal obesity categories, ac-
cording to the 95th percentile sex-speciﬁc cut-off points
(0.914 for boys and 0.862 for girls). The majority of
adolescents in the cohort had reached puberty by 16
years (n ¼ 91%), and our descriptive analyses showed
no signiﬁcant impact of puberty on the associations
under study. Thus, we did not consider puberty further.
Physical Activity. At 7 years, children’s preference
for physically active play was assessed by asking par-
ents, “Does your child like to participate in active
play?” reported as often, sometimes, or hardly ever.
The number of children falling into the “hardly ever”
category was very small (0.3%). Thus, we categorizedJOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATR
VOLUME 53 NUMBER 4 APRIL 2014physically active play into 2 groups: high (“often”) and
low (“sometimes” and “hardly ever”) preference for
physically active play.
At 16 years, physical activity outside school hours
was evaluated separately for moderate-to-vigorous
physical activity and light physical activity by asking
the adolescents, “How many hours per week do you
participate in brisk activity and light physical activity
outside school hours?” In the questionnaire, the term
“brisk”was deﬁned as physical activity causing at least
some sweating and shortness of breath, while the term
“light physical activity” was deﬁned as causing no
sweating or shortness of breath. Adolescents also re-
ported their daily time spent in a physically active
commute to and from school. The response alternatives
(not at all, less than 20 minutes, 20–39 minutes, 40–59
minutes, and at least 1 hour per day) were multiplied
by 5 (for 5 school days a week) to correspond to 0, 1,
2.5, 3.75, and 5 hours per week.39 The level of physical
activity was deﬁned as metabolic equivalent of task
(MET)–hours per week, based on the intensity and
volume of physical activity, and was divided into
quintiles. A MET intensity value of 3 METs was used
for light physical activity, 5 METs for brisk physical
activity, and 4 METs for commuting physical activity.40
The intraclass correlation coefﬁcient for physical ac-
tivity levels described in terms of quintile categories of
MET hours per week was 0.70 (95% CI ¼ 0.58–0.80),
and the proportion of subjects who were classiﬁed in
exactly the same category or next to the same category
in 2 different tests was 86%. Adolescents were catego-
rized into 3 groups according to their weekly level of
physical activity: active (2 highest quintiles), moder-
ately active (third and fourth quintiles), and inactive
(lowest quintile). The test–retest reliability of these
physical activity questions among a separate group
of Finnish adolescents aged 15 to 16 years has been
reported to be good.39
Binge Eating. At 16 years, an index of binge eating
was ascertained by asking adolescents, “How often do
you devour large amounts of food?” Binge eating was
dichotomized into yes (once a month/once a week/2
or 3 times a week/daily) vs. no (never/hardly ever/
occasionally). This classiﬁcation was established a pri-
ori in the absence of a measure for “loss of control”
(essential in deﬁning binge eating), and aims to dis-
criminate more common, occasional episodes of over-
eating from real binges.Confounders
We controlled for potential confounders as indicated
by previous research and our descriptive analyses.
Gender is associated with both BMI41 and ADHD.42
Family structure change indicates change in family
structure over time (from 0 to 8 years or from 8 to
16 years), and is important in this study, in which
we examined longitudinal associations. The familyY
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offspring BMI43 and ADHD.44 Family structure change
was classiﬁed into 4 categories: always a 2-parent
family, single-parent family, reconstructed family,
and always a 1-parent family. Maternal education,
which is a marker of socioeconomic position, has
previously been associated with both offspring BMI45
and ADHD.46 Educational level categories were
deﬁned by the International Standard Classiﬁcation of
Education and the Finnish Board of Education, forming
4 educational categories: basic education (9 years),
upper secondary education (10–12 years), tertiary edu-
cation (13 years), and other or degree not ﬁnished. BMI
and physical activity are closely related,47 so we con-
trolled reciprocally for BMI and physical activity as
appropriate, to study the association between ADHD
symptoms and these 2 variables, independent of one
another. Baseline BMI/ADHD symptoms/physically
active play were controlled for to allow prediction of
“new” cases of obesity, ADHD symptoms, or physical
inactivity.Data Analysis
Descriptive analyses included frequency distribu-
tions for the child/adolescent characteristics and
linear regression analyses to examine the associations
using continuous measures. At 8 years, baseline as-
sociations were examined between ADHD symptoms
(combined inattention-hyperactivity, inattention, and
hyperactivity)/CD symptoms, BMI, and physically
active play. Furthermore, correlation analyses were
used to examine comorbidity between inattention-
hyperactivity and CD symptoms, as well as associa-
tions over the 8-year period.
The main analyses included all variables as cate-
gorical measures to indicate clinical levels of concern.
ADHD symptoms were examined as screen positive
or screen negative (yes/no for probable clinical diag-
nosis). BMI was categorized as obese/overweight/
normal weight; WHR as abdominal obesity/normal;
preference for physically active play as low/high;
physical activity as inactive/moderately active/active;
and binge eating as yes/no.
We used logistic regression analyses to investigate
the longitudinal associations. We assessed ADHD symp-
toms at 8 years (predictor: teacher Rutter B2) on obesity
(BMI and WHR), and physical activity and binge
eating at 16 years (outcomes). Likewise, we examined
the reverse association by assessing BMI and physi-
cally active play at 8 years (predictors) on ADHD
symptoms at 16 years (outcome: parent SWAN).
To explore whether the associations under investi-
gation were independent of CD, we re-ran the analyses,
ﬁrst, with CD instead of ADHD symptoms and second,
with the inclusion only of children who screened pos-
itive for either ADHD symptoms or CD symptoms (i.e.,
“pure” cases). Because of the lack of data on CD in
adolescence, we were able to examine only whether CDJOURN
428 www.jaacap.orgsymptoms predicted obesity, physical inactivity, and
binge eating (not vice versa).
We used the bootstrap method48,49 to evaluate
whether physical activity and/or binge eating (16 years)
mediated the possible association between ADHD
symptoms (8 years) and obesity (16 years). Likewise, we
examined mediation of the potential CD symptom–
obesity association by physical activity/binge eating.
Mediation conﬁdence intervals were estimated for
adjusted analyses, based on 5,000 bootstrap samples.
For all analyses, we controlled for gender, family
structure change, current maternal education, BMI/
physical activity (depending on the model), and base-
line BMI/ADHD symptoms/physically active play
(depending on the model). Analyses were performed
using SPSS software, version 20.0. The signiﬁcance
level was deﬁned as p < .05.
RESULTS
Table 1 shows the descriptive statistics of the
child/adolescent characteristics. The prevalence
of ADHD symptoms at a level indicating clini-
cal relevance in children and adolescents, re-
spectively, were 9.4% and 5.3% for combined
inattention-hyperactivity; 3.9% and 5.1% for
inattention symptoms; and 7.1% and 4.7% for
hyperactivity symptoms. The prevalence of CD
symptoms in children was 9.0%. The baseline
analyses at 8 years did not show any signiﬁcant
associations between ADHD or CD symptoms
and obesity/physically active play.
As expected, descriptive analyses showed high
comorbidity between inattention-hyperactivity and
CD symptoms (Pearson r ¼ 0.67, p < .001; n ¼
570 (7.1%) screening positive for both disorders).
Furthermore, correlation analyses demonstrated
that the variables of interest (continuous) were
signiﬁcantly associated over time, that is, from 8
to 16 years, for BMI (Pearson r ¼ 0.62, p < .001),
inattention-hyperactivity symptoms (Pearson r ¼
0.25, p< .001), and physically active play/physical
activity (Spearman r ¼ 0.12, p < .001). At 16 years,
there was a slight negative association between
BMI and physical activity (Pearson r ¼ 0.04, p <
.01). BMI and binge eating were related at 16 years
(Spearman r ¼ 0.06, p < .001).
The main aim of the study was to examine
the association and directionality between ADHD
symptoms and obesity, from childhood to adoles-
cence, as well as mediation by physical activity and
binge eating. Adjusted linear regression analyses
using continuous measures showed signiﬁcant
longitudinal associations from 8 to 16 years: for
example, inattention-hyperactivity symptoms and
BMI (b ¼ 0.08, p < .001), inattention-hyperactivityAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
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TABLE 1 Characteristics of Children at 8 Years (n ¼ 8,106) and Adolescents at 16 Years (n ¼ 6,934) in the Northern
Finland Birth Cohort, 1986
Characteristic
8 Years 16 Years
n % n %
Body weight deﬁned by BMIa
Normal 5,758 82.7 5,667 84.7
Overweight 916 13.2 787 11.8
Obese 288 4.1 238 3.6
Abdominal obesity deﬁned by WHRb
No 6,109 95.0
Yes 320 5.0
Physically active play
Often 5,954 82.1
Sometimes 1,278 17.6
Hardly ever 24 0.3
Physical activity—METc
Active 2,534 40.4
Moderately active 2,486 39.6
Inactive 1,258 20.0
Binge eatingd
No 6,139 90.2
Yes 665 9.8
ADHD symptoms (positive diagnostic screene)
Inattention-hyperactivity 756 9.4 349 5.3
Inattention 315 3.9 332 5.1
Hyperactivity 575 7.1 306 4.7
CD symptoms (positive diagnostic screenf) 725 9.0
“Pure” ADHD symptoms (positive diagnostic screene), excluding CD cases
Inattention-hyperactivity 186 2.5
Inattention 100 1.4
Hyperactivity 184 2.5
“Pure” CD symptoms (positive diagnostic screenf), excluding
inattention-hyperactivity cases
155 2.1
Gender
Male 4,125 50.9 3,336 48.1
Female 3,981 49.1 3,598 51.9
Family structure change (from 0e8 y or 8e16 y)
Always a 2-parent family 6,761 85.3 4,506 75.7
Single-parent family 513 6.5 805 13.5
Reconstructed family 537 6.8 583 9.8
Always a single-parent family 114 1.4 56 0.9
Maternal education
Basic education (9 y) 1,330 16.9 794 13.0
Upper secondary education (10e12 y) 4,318 54.9 4,045 66.4
Tertiary education (13 y) 2,224 28.3 573 9.4
Other or degree not ﬁnished 682 11.2
Note: ADHD ¼ attention-deficit/hyperactivity disorder; CD ¼ conduct disorder.
aBody mass index (BMI) categorization, defined according to the International Obesity Task Force (IOTF) age- and sex-specific cut-offs.
bWaistehip ratio (WHR), dichotomized using sex-specific cut-offs at the 95th percentile of WHR.
cPhysical activity, defined as metabolic equivalent of task (MET) hours per week based on the intensity and volume of physical activity outside of school
hours, including commute to and from school.
dBinge eating, defined as no (never/hardly ever/occasionally) vs. yes (once a month/once a week/2 or 3 times a week/daily).
eScreening positive for symptoms based on fulfilment of criteria according to the Rutter B2 scale (8 years)/Strengths and Weaknesses of ADHD
symptoms and Normal behavior (SWAN) scale (16 years).
fScreening positive for symptoms based on fulfilment of criteria according to the Rutter B2 scale (8 years).
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KHALIFE et al.symptoms and physical activity (MET) (b ¼ 0.04,
p ¼ .02), and physically active play and inatten-
tion symptoms (b ¼ 0.04, p ¼ .005).
The main analyses tested the longitudinal as-
sociations using categorical variables, which
indicate clinical relevance. The unadjusted logis-
tic regression analyses showed a signiﬁcant as-
sociation between probable ADHD at 8 years and
obesity at 16 years (OR ¼ 2.01, 95% CI ¼ 1.37–
3.00), but nonsigniﬁcance in the opposite direc-
tion, that is, from obesity at 8 years to probable
ADHD at 16 years (OR ¼ 0.90, 95% CI ¼ 0.69–
1.18). There were signiﬁcant associations between
probable ADHD at 8 years and physical inactivity
at 16 years (OR ¼ 1.30, 95% CI ¼ 1.01–1.67), and
reduced physically active play at 8 years and
inattention at 16 years (OR ¼ 1.53, 95% CI ¼
1.15–2.05).
The adjusted analyses revealed similar results.
Probable ADHD at 8 years predicted obesity and
abdominal obesity at 16 years (Table 2). Screening
positive for either inattention or hyperactivity
predicted abdominal obesity by more than 2-fold;
inattention also predicted overweight and obesity
(Table 2). There was no evidence for the reverse
association; that is, obesity did not predict ADHD
symptoms over the long term (Table 3). Low
preference for physically active play at 8 years
was associated with inattention symptoms at 16
years (Table 3). There was evidence for the
reverse association, as inattention-hyperactivity
and inattention symptoms were longitudinally
associated with physical inactivity (Table 4). We
did not ﬁnd any signiﬁcant longitudinal asso-
ciations between ADHD symptoms and binge
eating (Table 4).
We explored whether the associations un-
der study were independent of CD symptoms.
Screening positive for probable CD was associ-
ated with overweight, obesity, abdominal obesity
(Table 2), and physical inactivity, but not binge
eating (Table 4). In analyses excluding children
with CD symptoms, “pure” inattention and “pure”
hyperactivity symptoms at 8 years individually
predicted abdominal obesity at 16 years (Table 2).
In analyses excluding children with inattention-
hyperactivity symptoms, “pure” CD symptoms
at 8 years predicted overweight at 16 years
(Table 2). Neither “pure” ADHD nor “pure” CD
symptoms was associated with physical inac-
tivity or binge eating.
Bootstrapping showed that physical inactivity
at 16 years mediated the longitudinal association
between inattention-hyperactivity symptoms andJOURN
430 www.jaacap.orgobesity (bootstrap estimate ¼ 0.004, percentile
95% CI ¼ 0.001–0.007, n ¼ 4,524), and CD
symptoms and obesity (bootstrap estimate ¼
0.003, percentile 95% CI ¼ 0.001–0.007, n ¼ 4,514).
In contrast, there was no evidence for mediation
by binge eating at 16 years (for inattention-
hyperactivity: bootstrap estimate ¼ 0.001, per-
centile 95% CI ¼ 0.001 to 0.003, n ¼ 5,056; for
CD: bootstrap estimate ¼ 0.001, percentile 95%
CI ¼ 0.001 to 0.003, n ¼ 5,044).DISCUSSION
To our knowledge, we are the ﬁrst to report that
childhood ADHD symptoms prospectively pre-
dict adolescent obesity (clinically measured as
BMI, deﬁned according to IOTF guidelines), and
abdominal obesity (deﬁned according to the
95th percentile for WHR). Childhood ADHD
symptoms predicted later physical inactivity
(MET) in adolescence. Reduced physically active
play in childhood also predicted inattention in
adolescence. Thus, we report evidence for a bi-
directional association between ADHD symp-
toms and physical inactivity. Furthermore, we also
report an association between child CD symp-
toms, adolescent obesity (BMI and WHR),
and physical inactivity. However, it was unclear
whether ADHD and CD symptoms indepen-
dently predicted these associations.
We focused on the ADHD–obesity link because
of the substantial cross-sectional evidence that a
comorbid association exists between obesity and
ADHD in children and adolescents.1 Using a
large, longitudinal, medically untreated popula-
tion cohort, we were able not only to conﬁrm the
ADHD symptom–obesity link, but also to address
the issue of directionality. Our results showed
that the association was driven in the direction
of ADHD symptoms to obesity (and not vice
versa) over an 8-year period, from childhood to
adolescence.
Our longitudinal data provide insight into the
pathogenesis underlying the ADHD symptom–
obesity association. Inattention and hyperactivity
were each important in predicting later over-
weight or obesity, whereas inattention was
important in predicting later physical inactivity.
Mediation analysis provided evidence for a
mediatory effect of physical inactivity on both the
ADHD symptom–obesity and the CD symptom–
obesity associations. It is possible that social im-
pairments (e.g., peer problems and rule breaking)
related to ADHD or CD may hinder childAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
VOLUME 53 NUMBER 4 APRIL 2014
TABLE 2 Odds Ratios (OR) and 95% CI for the Associations Between Attention-Deficit/Hyperactivity Disorder and Conduct Disorder (CD) Probable Cases at 8 Years
and Obesity at 16 Yearsa
Rutter B2 (Teacher Report)
BMIb WHRc
n Cases n Controls
Overweight vs. Normal Obese vs. Normal
n Cases n Controls
Abdominal Obesity vs. Normal
OR 95% CI p OR 95% CI p OR 95% CI p
Screen-positive cases
Inattention-hyperactivity 332 4,192 1.32 0.93e1.88 .13 1.91 1.10e3.33 .02 274 3,784 1.71 1.05e2.78 .03
Inattention 134 4,392 1.71 1.04e2.83 .04 2.35 1.09e5.07 .03 110 3,950 3.46 1.91e6.26 <.001
Hyperactivity 257 4,272 1.44 0.97e2.13 .07 1.77 0.94e3.34 .08 220 3,843 2.14 1.28e3.59 <.01
Conduct 335 4,179 1.52 1.07e2.14 .02 2.53 1.49e4.31 <.01 282 3,767 1.67 1.03e2.71 .04
“Pure” cases
Inattention-hyperactivityd 78 4,100 1.34 0.66e2.71 .42 0.75 0.16e3.56 .71 61 3,705 1.55 0.52e4.60 .43
Inattentiond 42 4,136 2.11 0.92e4.81 .08 1.51 0.30e7.63 .62 35 3,732 6.91 2.89e16.53 <.001
Hyperactivityd 86 4,090 1.50 0.77e2.91 .23 2.10 0.66e6.70 .21 79 3,685 3.83 1.82e8.06 <.001
Conducte 81 4,100 2.13 1.14e4.00 .02 2.75 0.96e7.86 .06 69 3,705 1.38 0.47e4.03 .56
Note: aCategorized by body mass index (BMI) and waistehip ratio (WHR), and adjusted for gender, body mass index (8 years), physical activity (16 years), family structure change (from 8 to 16 years), and maternal
education.
bBMI defined according to the International Obesity Task Force (IOTF) age- and sex-specific cut-offs.
cWHR dichotomized using sex-specific cut-offs at the 95th percentile of WHR.
dExcluding children screening positive for CD symptoms.
eExcluding children screening positive for inattention-hyperactivity symptoms.
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KHALIFE et al.participation in structured physical activities,
particularly in organized settings and team
activities. Instead of exercising, children with
ADHD or CD behaviors may spend more time
watching TV and playing video games.50-53 This
lack of physical activity could contribute to
weight gain over time. Our results show that
inattention symptoms are driving the ADHD
symptom–physical inactivity–obesity pathway.
Physical activities require increased concentra-
tion, perception, and self-directedness, which
may be challenging for children with inatten-
tion. There are common biological systems, for
example, dopamine and brain-derived neuro-
trophic factor (BDNF), that are associated with
ADHD,14,15 obesity,16,17 and physical inac-
tivity,54,55 which further support the concept of a
link among all of these conditions. Less is known
about potential mechanisms linking CD and
obesity, and thus this needs further study.
It has been proposed that inattention may
induce abnormal eating behaviors, such as binge
eating,4,33 which in turn may contribute to the de-
velopment of obesity. However, we did not ﬁnd
support for this idea, as core ADHD symptoms in
childhood were not associated with later binge
eating in adolescence. Impulsivity has previously
been linked with binge eating31,32; however, we
could not study this association because of a lack
of data on impulsivity. Furthermore, it may be
possible that ADHD symptoms are associated
with other disordered eating patterns that are not
measured here. For example, hyperactivity may
be linked with obesity via emotionally driven
eating, a possible mechanism to cope with the
frustration related to the restlessness that ac-
companies hyperactivity.
Because of the high comorbidity previously
reported9 and observed in our dataset between
ADHD and CD, it is important to consider
whether CD accounts for the associations bet-
ween ADHD and obesity/physical inactivity. Our
exploratory analyses using only “pure” cases
showed that inattention and hyperactivity symp-
toms each remained signiﬁcantly associated with
abdominal obesity, and CD symptoms remained
associated with overweight. This suggests that
“pure” ADHD and CD symptoms predict differ-
ential obesity outcomes. These results involving
“pure” cases are inconsistent with the original
results that showed signiﬁcant associations across
a wider range of obesity/physical activity out-
comes. This inconsistency may be due to reduced
statistical power or may reﬂect true etiologicalAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
VOLUME 53 NUMBER 4 APRIL 2014
TABLE 4 Odds Ratios (OR) and 95% CI for the Associations Between Attention-Deficit/Hyperactivity Disorder (ADHD) and Conduct Disorder (CD) Probable Cases (8 Years)
and Physical Activity and Binge Eating (16 Years)a
Rutter B2 (Teacher Report)
Physical Activityb Binge Eatingc
n Cases n Controls
Moderately Active vs. Active Inactive vs. Active
n Cases n Controls
Yes vs. No
OR 95% CI p OR 95% CI p OR 95% CI p
Screen-positive cases
Inattention-hyperactivity 368 4,568 1.27 0.99e1.64 .06 1.60 1.20e2.13 <.01 378 4,678 1.20 0.85e1.68 .29
Inattention 145 4,792 1.27 0.85e1.90 .24 1.89 1.24e2.89 <.01 152 4,906 0.99 0.57e1.71 .98
Hyperactivity 284 4,654 1.15 0.86e1.52 .35 1.37 0.99e1.88 .06 292 4,766 0.98 0.65e1.47 .91
Conduct 359 4,564 1.21 0.94e1.56 .14 1.47 1.10e1.97 <.01 369 4,675 1.27 0.91e1.78 .16
“Pure” cases
Inattention-hyperactivityd 90 4,474 1.19 0.73e1.94 .49 1.50 0.87e2.60 .15 95 4,579 0.85 0.41e1.78 .67
Inattentiond 48 4,515 0.81 0.41e1.61 .55 1.44 0.71e2.92 .32 52 4,622 0.76 0.27e2.14 .61
Hyperactivityd 101 4,458 1.09 0.69e1.74 .70 1.38 0.82e2.32 .23 104 4,565 0.97 0.50e1.90 .94
Conducte 81 4,474 0.98 0.60e1.63 .95 1.08 0.59e1.98 .80 86 4,579 1.09 0.54e2.20 .82
Note: aAdjusted for gender, physically active play at 8 years (for model b), body mass index (BMI) at 16 years (for model b), family structure change (from 8 to 16 years), and maternal education.
bPhysical activity, defined as metabolic equivalent of task (MET) hours per week based on the intensity and volume of physical activity outside of school hours, including commute to and from school.
cBinge eating, defined as yes (once a month/once a week/2 or 3 times a week/daily) vs. no (never/hardly ever/occasionally).
dExcluding children screening positive for CD symptoms.
eExcluding children screening positive for inattention-hyperactivity symptoms.
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KHALIFE et al.differences; thus, further study is needed. The OR
conﬁdence intervals between ADHD and CD
symptoms overlap, suggesting that there is no
signiﬁcant difference in the prediction of over-
weight/obesity by ADHD and CD. It may thus be
the case that comorbid ADHD is most important
in conferring risk. Individuals with ADHD and
comorbid CD experience problems with impulse
control and/or reward processing, which may
reﬂect a common genetic basis for behavioral
disorders and obesity.8 However, it is difﬁcult to
draw conclusions from our results because of the
small sample sizes of “pure” cases. Larger studies
are required to expand on our preliminary ﬁnd-
ings, as well as to understand the pathways by
which each type of behavioral disorder may
contribute to obesity, and whether comorbidity
confers the greatest risk.
Although previous studies have found that
physical exercise—either a short-term training
period or an acute bout—improves behavior in
children with ADHD,28-30 we extend these ﬁnd-
ings by identifying a long-term link between
reduced physically active play and inattention
symptoms. These results partly support previous
hypotheses that physically active play may be
one of the most important factors inﬂuencing
human development,56 and that social play may
alleviate ADHD symptoms in children.57 Physical
inactivity has also been linked with both general
mental health and scholastic difﬁculties in ado-
lescents.58,59 Considering the available evidence,
it is possible to speculate that regular physical
activity may alleviate ADHD symptoms over the
long term.
This study has several strengths. First, the
longitudinal design allowed us to identify the
directionality of the ADHD symptom–obesity
association, as well as to study the long-term link
between ADHD symptoms and both physical
inactivity and binge eating prospectively. Second,
we used a population-based sample, which re-
duces the confounding effects that are often
observed in clinical studies, for example, symp-
tom severity, referral, and medication biases.
Third, we used 2 indices of obesity measured
clinically, namely, BMI and WHR, to provide a
more complete measure of adiposity. Fourth, we
examined the core ADHD symptoms, which
enabled us to determine that both inattention and
hyperactivity contribute to the associations. Fifth,
by examining “pure” ADHD and CD cases, we
explored whether each type of disorder was
speciﬁcally related to obesity.JOURN
434 www.jaacap.orgThere are also several limitations to this study.
First, despite the longitudinal design and the
attempt to control for important confounders, we
cannot afﬁrm a causal link between ADHD or CD
symptoms and obesity because of the observa-
tional nature of the study. This is an inherent
problem in human studies. Second, we could not
examine impulsivity symptoms because the Rut-
ter B2 scale, used by teachers to report child
behavior, does not measure impulsivity symp-
toms per se, and the SWAN, used by parents to
report adolescent behavior, combines hyperac-
tivity and impulsivity symptoms (reﬂecting
DSM-IV criteria for a hyperactive-impulsive
ADHD subtype). Third, we could not examine
bi-directionality between CD–obesity/physical
activity because of the lack of parental report on
adolescent CD. Fourth, we did not account for
ADHD psychiatric comorbidities in the analyses
beyond CD, because of limitations in data avail-
ability. Fifth, the participating children’s height
and weight at 7 years were reported by parents
rather than clinically measured. Sixth, MET data
were unavailable at 8 years, so instead we used
data on preference for “physically active play” to
indicate physical activity levels in childhood.
Finally, we were unable to assess gender differ-
ences, because stratiﬁcation by sex signiﬁcantly
reduced our statistical power.
Despite these limitations, our ﬁndings have
signiﬁcant public health implications, with the
potential for novel prevention/treatment strate-
gies for both obesity and ADHD symptoms.
Children with ADHD and/or CD behaviors can
be monitored for overweight/obesity at an early
stage, thus potentially averting a developmental
trajectory of obesity. This work provides support
for the long-term beneﬁts of regular physical
activity on ADHD behaviors, emphasizing the
importance of promoting physical education in
schools, despite pressure to cut back to allow more
time for academic classes. Physical inactivity,
ADHD, and CD symptoms have all been linked
with poor academic performance,59-61 so the pro-
motion of physical education and associated
behavioral beneﬁts may actually help to improve
academic outcomes, as well as improving other
mental and physical health outcomes in the long-
term. Randomized controlled trials are desper-
ately needed to examine whether physical activity
could be used as a behavioral intervention in the
treatment of ADHD and CD.
To summarize, here we have shown that
children with ADHD or CD symptoms are atAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATRY
VOLUME 53 NUMBER 4 APRIL 2014
ADHD SYMPTOMS PREDICT OBESITYincreased risk for becoming obese and physically
inactive adolescents. We found novel evidence
that physical inactivity mediates both the ADHD
symptom–obesity and CD symptom–obesity as-
sociations. We show that reduced physically
active play in childhood constitutes an early risk
factor for inattention symptoms later in adoles-
cence. Considering the escalating prevalence ofClinical Guidance
 This prospective, longitudinal, population-based
study found that children with ADHD or CD symp-
toms are at increased risk for becoming obese and
physically inactive adolescents. Clinicians should
monitor weight gain in children with ADHD or CD
symptoms to reduce the risk of later overweight/
obesity.
 Physical inactivity was observed to mediate the
association between ADHD symptoms and obesity,
and between CD symptoms and obesity. Therefore,
physical activity should be encouraged in children
and adolescents with ADHD or CD symptoms.
 Physical activity may also alleviate ADHD symptoms
in the long term. Low preference for physically active
play in childhood was linked with inattention symp-
toms in adolescence. This suggests that physically
active play may have long-term beneﬁcial effects on
child behavior. Randomized controlled trials are
needed to conﬁrm these ﬁndings.
JOURNAL OF THE AMERICAN ACADEMY OF CHILD & ADOLESCENT PSYCHIATR
VOLUME 53 NUMBER 4 APRIL 2014both obesity and ADHD/CD, our novel ﬁndings
are of public health signiﬁcance, providing in-
sight into additional risk factors and paving the
way for new prevention/treatment strategies for
these chronic disorders. &YAccepted January 27, 2014.
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